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Surface tension 30 mN/m
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Initial height 0.4 pm
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Figure 2-1. Microscope images showing the arrangement of polydimethylsiloxane
(PDMS) particles during the drying process of slurries using a solvent of (a) low
molecular weight dimethylsilicone, (b) isododecane, (¢) cyclopentasiloxane and (d)

isohexadecane. Scale bar is 50 um @V,
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Figure 2-2. Microscope images showing the arrangement of polymethylmethacrylte

(PMMA) particles during the drying process of slurries using a solvent of (a) low
molecular weight dimethylsilicone, (b) isododecane, (c¢) cyclopentasiloxane and (d)
isohexadecane. Scale bar is 50 um @V,
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vf1=0.00 vf2=0.00 vf3=0.00

Fr=0160 t=8.000e-06 s  lev=0.000e+00 m

Fig. 2-3. Simulated results of drying of the initially well-dispersed particles. (a) the
initial state; (b), (d) during drying when the solvent height decreased to 1.5 xd and
(c), (e) after complete drying of solvent. Drying rates were 5x 1072 m/s for (b) and

(c), and 5><1073 m/s for (d) and (e), respectively. The parameter d is the particle
diameter. Blue color shows the solvent 1,
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vf1=0.00 vf2=0.00 vf3=0.00

Fr=0160 t=8.000e-05s  lev=0.000e+00 m

Fig. 2-4. Simulated results of drying of a slurry that contained initially aggregated
particles. (a) the initial state; (b), (d) during drying when the solvent height
decreased to 1.5 xd, and (c), (e) after complete evaporation of solvent. Drying rates

were 5% 1072 m/s for (b) and (¢), 5% 1073 m/s for (d) and (e). The parameter d is the
particle diameter. Blue color shows solvent @1,
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Fig. 2-5 Simulated results of fully dried particles. Hamaker constant was 1 % 10

for both cases. Drying rates were (a) 5 x10 ~ m/s and (b) 5x10 m/s, respectively.
2D
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F7rvr—vavikzikit L7z, fHEDLIFX. o7y vTF—vav
WA T B LT, ZOBALICY Y RH Y b HAGWBEAGELTWS &

J& U 7= (Table 2-2),

Fig. 2-6. Simulated results of packing of plate-shaped particles after

complete drying. Drying rate and Hamaker constant used are (a) 5x10 °
m/s and of 1x10 ~_J and (b) 5x10 ~m/s and 1x10 ' J.

Table 2-2 Results of the questionnaire regarding the appearance of
the skin after application of the liquid foundation prepared on the

basis of the simulated results.

yes no
feel radiance 87 6
skin appear like smooth 92 3
skin texture look like fine 86 3
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Fig. 2-7 Evolution of the NBA values as a function of the ratio of the solvent
height, H, to the particle diameter, d, using the initially well-dispersed particles

with a drying rate of 5 x 10~ m/s (blue line) and 5 % 10 ° m/s (red line). The
initial //d value is 4 and the final value is 0 after complete drying @V,

0 /
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Fig. 2-8. Calculated interparticle potential as a function of the surface

separation distance with a Hamaker constant of 1><10720 J (blue line) and

5x10 7 (red line) ?V. Potential of the y-axis is normalized by the product of
the Boltzmann constant k£ and the temperature of the system 7.
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Fig. 2-9. Evolution of the NBA values as a function of the ratio of the solvent height,
H, to the particle diameter, d, using the initially aggregated particles with a drying rate

of 5x 10 ~ m/s (blue line) and 5 x 10 ~ m/s (red line). The initial H/d value is 4 and the
final value is 0 after complete drying @V.
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Fig. 2-10 Schematic illustration of particles during
drying.
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CnHont1(OC2Ha)mOH HEE DIEMER] (ZCHAZ v vy g v#El) % FwCkpic
BT 7 4 v () 2 b g ~v sy a v ER WL CIZREEREZIT-
Too ZDRER, 15 T2 330 IMEAM DT F L VA F 2 FEO)EZHFET 5K
VAFZFLY I T I NI —FT N THSCI2EOLS5H X UCI2ZEO30 Z3EE L |
IR D FEMH 2R BRET 2 AT o 72,
Table 3-1 Summary of EO addition number and alkyl chain
length of surfactants examined in the pretest. The upper and
lower row in each cell show molecular weight and HLB value,

respectively. We note that surfactant molecules displayed in

yellow cells were used in the pretest.

EO{THOE LEL (m)
10 15 20 25 30 40
Cl2 | 626 | 846 | 1066 | 1286 | 1506

< 12 14 15 15 16
W | Cl16 | 682 | 902 | 1122 | 1342 | 1562
?i.;é\ 11 13 14 15 15
o | c 930 | 1150 | 1370 | 1590 | 2030
AN 12 13 14 15 16
N| C22 | 766 1206 1646

9 12 14

AREEETIZ, 7rAdL e vBIUORY LY RDEMETE) 2, ZhZz vk
HBXOHHEO 0 0@ NI E LCORINL 72, 2 CoFEEHT. File il

AL 72,
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3.2.2. =L a vl

TIEERDO T~ v a VIToKHE oM Z 1 0 1 & U CIEHEFIKEHR
IS ESRIN L 7214, Y F A4 F—ic T, AT 2 2 & i,
AREERTIE. FULRLTHR 100 um OS> a v 23 % 72 ORI
fBikicT OW =~wrva v i L7z, 55137 FRIZBEOMFLERIC
XToTHREEI NG, FHTOMETZIT > 2R, 30 ym OFLEEH T 25 > 7 AR
— 7 AH T A(SPOE(SPG 7 7 7 8 %3#E L7z, /KHHE LT 10 mM D i H:HAl
KB 2 FHNCHE L 720 SPGRZHY fHiF 72> ) v Ry 7T, 6mL/h D
RS T, 1.5 mL @i % 3.5 mL O FUAEEAIKBERICE AL 72, o7z
Iy a v DORESAE 2 BRENTIC X o CTFHI L 72 & & AHiFE O FIEF T
$192um TH o 7z, HOCHIERES S -0, KB X I ENF N 5mg
DINF LA V& 100 g DRHICHEMHRL, FEDO~<Y L vz 100 g DIICH
fREE72b D7z, BFRHENGETERIAIR & & O O FLHR I IE~v X v b
N v v 7k (Dropmaster DMs—501, ISR ) I X 9 #HIE L 7z,

3.2.3. HClRSEER

FlIEEBE Tz ~vrs a2 ul % 100 pm DA R—H —Z N L T 2D H 7
AR CTHA ZZIRBE CERICHZ IR X & /-, R Z T A~ 7uvxa—7

(KH-7700. Hirox ) lcCH v 7 EE» S 35&0o0 L v XCRIEL /-,
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VIV ETET T AR CTHRAIAL Z & THEIFOKDOEFZ . IR — 2255
1] DA D A HIBR L 726

ARFEERTIE, Fig. 3-1°P1C/Rd X 5 £ S BEMEBI(LSM700, Carl Zeiss &) i
LB AT LMz, PMEBEFARIC2 pPL D=L 2 % 110 um
DAR—=H =% N LT 2HDH T AR THRAZIAALL S DR BIEHEIE Lk, #Z
KRR II R 7 — ¥ FEEF ¥ v oS —P T 30 °C. HHXHEE(RH) 60 %D 54 T17
o7z, T2, WEHEEZ X VEL I 272010, F v v o —HITK DS ZER EK
I\ o7z A L, RH 80 %D BRI CRIKRDEZIRBISE % 1T - 72, RH 60 %5t
1Z 10 sr[EIFE c#i%E L. RH 80 %Z&:fF<id 30 /rfHkE CBlE 21T 5 7z, IREI-¥ 7
74 vE. IO OEBRSEM T TIEAHAEETH 2 DT, FRIC X o TR T

DIIKDHTH 5, FIGEEFE T DK & i O RRFE L 2 EEBIE T 5 72
FH A= P A DWREFHSHK 3 72 F N Ot FEOMAE BB E L 72,
HEHRIZ, RV LI DT 405 nm, 7 bF L& A4 VIZD T 488 nm
DL —F — I X 28N 51572, 488nm X D WKR ORI Z <Y L v
Hik, 530nm XY BEWFETOREE 7 LA L e A vk LT, 200k
PO DENESTTHRE L7z, 3y IAOBIRICI2 DDERLZWNIL v X%
FHL 72, == a viE#ESE%ZBl5 3 % 1TX Plan Apo 5x/0.16 (Carl Zeiss) %

T~y g YNDOMEZ Bl % 72 ® 1213 Plan Apo 20x/0.8 DIC (Carl Zeiss)% F\»
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720 HIFDOL v XOFMOEIX 0.16 TH Y, /fEREIZA 2 um & kD LN B, 15
SNDEIROMREEIX, 1 v 27 A Y720 25um & LT Eiro7/z, T~
va VEOYIAEREIZ 1S mm? BETH Y, WK TRIZ S mm? BREH D L
26, LY XBXOERBRIEICK 2FEIMECZ 28 L F 2 5, FkkC
IR OBIEICH W72 L v X OB #1Z 0.8 TH V. 43fiFRE XA 300nm & FL
HdOid, BHIRMEREIX 1 © 2721 M7204) 600 nm & L CHoZ L7z, i
DYTHAEFEIZHI 50um TH . 1LV L v XB X OCEHRIHGE O 3955 13 /8 X »
EEZ B, BHGRMRRIE. e e RIITIRA 2 F "L Tb . Wi 4 X X
DATForic/hE <L EiRD S DFHAIRRE X F I T W E X B, RY LV H
DOFERER AWML L, 7oA L4 vSROFCHEBR A KHE LT, 55
N7 ETSR & AKMHER P SR L T~ Ly a VidOSEEERE Lz, EiiRiE
BrY 7 b Image] (NIH) ZF\WT., T ORB{ROEEEZHE L, ko b

B ORI 2 FH L 72,
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d L.
- Objective lens

—}>Gasin Drying chamber e
[ 1 Gas out
Glass plates emulsion
| |
| Microscope stage I
b . spacers

by
\ ‘“spacers

Fig. 3-1 Schematic illustrations of the experimental apparatus showing a (a) side view
and (b) top view .

3.2.4. TV a v E R

FifE T b ik o » RO FERBHE (LUMIFUGE, LUM &) %
MwcTxzewnrya vodWLEWZIHEL 72, =< = vEUE % BIEEE 4000
rpm T4 BBE OIS H T, Zolloz Ly 3 v 0B EEEEAREL 72, =
~va VIFHE L ZREETH 228, WG —F % & EENICERE TR X
N27-0RROFERRIIET T2, 2 TEBKETCLY a v L7 REN
DL L7z,
3. 2. 5. IEPEAIKIEHR D iR el 4

HHAH T H B IEERIKBR DO H 7 ARICH T2 8= 7D LT X & 7FHili$

% 7= O RaB A 2 HIE U 72, BefilAs 13k (DMs-501, A0 S i Rk)
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HAWTHIE L7z, EERIKEREZ 77 ARICE K. 5 BEER. 5Lk
23 O WO R % s U 7o, Bl ni 231208 3 2 [ELHT o iR % iR Befi g & L 72,
777 AMRNITHIRD 7N =797 7 2 (NRIHT8) 220X FHEFLH LS Z &
72 < w72,
3. 2. 6. BHYRMETR I HEIE

KMLIRET 1T 35 1 2 WG HEAIKIEIR D RIAR 71 %2 B) 3R R 715 (SITA 160, 5
SARERE) 1S CHIE L 7z HIE I3 EIRBREE T IS T AT EIB#K 0.01 — 10 Hz D #iPH

Tf1 o 77,

3.3.1 TR
HEHERIO BEO T EA BB LU TAFAMEICX 2wy a ViEERICE T
% &\ % Fig.3-2. Fig.3-3 1 d, b~y g voi@o&fte: LT

VCIRROPNC IR O — 883 MA TS BIR BB I N, £, Ty a v oD

n
X

—H#R DBEIAAL ., R AR I BT 2 M AR D> b D [ElIE L v 5 K> & Table 3-2 D
XHIC3 24 Ay I NI, Type 1 1 ZWFNICTERMEZTEZ & v, MK 2
HE{E T 5, Type 2 IZFZEEEE T FEIHMZNIZ & A LTS LT, MR 5

BI{E L Zn\y, Type 3 EHMIZTER I 112 28, MIBR2 S BRI L 72 Wv & v 5
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FETH D, Ty a vyoERLIIHEOG Ik bDLEZLNE D
GO E L THEES T L7z, Fig.3-4 i< g v L7 OimLEET
TOH—EDE{%/RT, HLB (Hydrophilic-Lipophilic Balance)fE23/N & v, D
T 0. BUKMELMEK W C12EO015 1. HLB fl23 K % < BUKED W C12E030 <
CI8EO25 & b~ T 5D ALK EM:AMED o 72, Fig. 3-5 ITIEHEAIKENR
D ERIBEN A %2 7R T, 7K & He~ TR HEFIK IR o #eB Bl /4 12/ & <L EO fiHhn
ENEDHEZ B ICONT/INE K Inodz, EHHIDO HLB {HIC X % 2k~ D7s 2
RIS 272000, HIR 2 72 0REEEULL T in b, ALK Fo&—Iicxt
T HAREEPE L 2MAGERPEE L, £72. Type3 TIHHHEAEG—LTH T
<Al a VIRFIZMIBR A OEE L s nwE WS Z ik, iz =
VIRENICEALIAD b N7-E £ TH Y, ZDORMANIIEEFAIKIERICE DI T
2&FEz2ZbNE, T LT, Typel Tl, H—HHIZT V> 3 ViR
EEOTWBEEEZOLNSE, T ayDigEewd Harbld, sz <
N a vy LT 2R X VBEELRE RS 25 LTINS 2 D7D,

EO e VE DiE T, Type 1 & Type 2 ICAHER D53 2245 C12EOm D H 2> &

CI12EO15 & CI12EO30 #ifhtEAl & L CEEL 72,
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C12EO10 C12EOI15 C12E020 C12E030
(HLB : 12) (HLB : 14) (HLB : 15) (HLB : 16)

010
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l1hr
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Fig. 3-2 Photographs of drying emulsion solutions depending

on EO addition number during drying. Scale bar is 2 mm.
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CI2EO15 C16E020 C18E025 C22E030
(HLB : 14) (HLB : 14) (HLB : 14) (HLB : 14)

Fig. 3-3 Photographs of emulsion solutions depending on

Alkyl chain length during drying. Scale bar is 2 mm.
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Table 3-2 Summary of drying types observed in the pretest.

E OfFhnE L (m)

10 15 20 25 30 40

| G12 | typel | typel | type 1 - type 2 -
j
I

C16 - - type 3 - - -
g
'\: Cc18 - type 1 - type 3 - type 3
~

C22 - - type 3 - type 3 -
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Transmittance (%)
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Fig. 3-4 Time lapses of transmittance of emulsions during

centrifugation. Blue, red and gray lines show emulsions prepared
by C12EO15, C12E0O30 or C18EQO25, respectively.
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Fig. 3-5 Summary of the receding contact angles of pure water and

surfactant aqueous solutions.
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3.3.2. REER

Ty a vikkl oz Bl E R % Fig. 3-6 @, Fig. 3-7 ®IC/R$, & 2 TK
ARG, Wi EEE LcRT, gt mEidokEdhico®l <s
D (Fig. 3-6a 35 X U Fig.3-7a). % D&, KO & & b IC/KIZFZIEED 72 & 12
AU EUEHTIZ I — 1T I]UiE L T\ o 72(Fig. 3-6b V3% X Uf Fig. 3-7b @), & 5
W2 MRASED & . CI2EO15 Tl Fig. 3-6c~e @2, CI12E030 T3 Fig. 3-7c~e @9
T ko, WHORENIH RN TMT X S ICEF L7z, ORI X S
JE L, RIS O KBEROGHEICOBIEINTE Y vy a vilkhic ks
BOHRTIX7m vy, CI2EOLS BRI D TIE, WL D2 DM A& — L. ol
Bl BT X 0 K& R B 2 4 v ZIEALL 7= (Fig. 3-6e @¥), —J5 T,
CI12E030 Rl D #Z18 T i i o & — 13 ¥ 72 2> o 72(Fig. 3-7d B X 8 3-7¢ @),
T LICRFE X EKRDKER Sy IRFE X2 2 & FURVE AT O i o Kk i3 &
— L. Z N0 BRAE-ZE L[ AT I8 L 72 R % TE K L 72 (Fig. 3-6f 5 X O
3-71t@)), Eb D5 E b % DUl A — L 2%, et 23 M A T w7258
il Ly 3 v AR OIEIR S HIZIC BIE L 72 (Fig. 3-6f 35 X U 3-7f ®),
Fig. 3-6 @3 X U° Fig. 3-7 @D X 5 7 E{R % FH W TS v 77 v o [HifE % H
E L. ZOKHIZAL % Fig. 3-8a @R d ., 2 2D O I 13 12 I X TERRATIC I

AL, IERICHEU LA o Tw3, ZofEmit, [[FUEE% RH 80 %D
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LY ERERE CHBEI GO BIINTH Y. FREICHEIEL &
> T\ 7z, Fig. 3-8a DM DIHADEK D &K Dz EE % H L. Fig. 3-8b @
ICE L DT, TOREIS, EORE ORI C b BAEIC E R & BRI
HADETES 2 2 & SRR E Nz, oMb DHR-22 5[ S VT 155 o Wi D YA KR %
Fig. 3-9 @K U Fig. 3-10 @NTIRJ 7, WM X HZ BV X BRI (Fig. 3-a @B L U
3-10a PN TH 2 25, HZMRIC X - THEIC 7 ) B % 458 72 (Fig. 3-9b @k X W 3-
10b @), i 32T L 723 & i lgalil o JE fh 23 % 72, C12E015 ikl D 5564,
HFE O G —I1C X 0 -2 AR NS 23T K X #1172 (Fig. 3-9¢ @V 3 X T 3-9d @Y),
L2> L7286, CI2EO30 alRHHICIEiR-22 5 E O e Bl 2342 U C & B DT K
RS X N b o 72 (Fig. 3-10c, 3-10d @), X HIcizlgEnstEL &, &b 6 ok
THHFEDO A —234 U7z (Fig. 3-9¢ @9, 3-10e @), WHL D 1$ A —HAH 21
DREL IR/ TE 2, BAL T ETH > 72(Fig. 3-9¢ @, 3-10e P Z & 2 b,
WO RICODEAISTVEET D %R L Tnb, 7. Fig. 3-9f Pk
L 3-10fCNTIR T X 5 IR DR - 22 AR LA O 2 Bl L 72 & & A
HESERE L, HEAEA TS Z LRI N,

vz Jg Rk o JE BH T 155 O i D B AR reu 2 HIE L. I O T % E B IS
I U 72 Fig. 3-11(a) @0 iF AKX, A ZFE ORI TH 5, Wi

O F LR IIFZIEVIAIC T —ETH D | Z DER A ICTEA L T 5 72(Fig. 3-11a
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@), ZhF, WP EEED 72D ICEAL T LR LT3, S OHZEEERED
BlgECld, WML KB ZEN TN DR 2 dEEIC X > TR 2 & & 23ARE
TH D, % D7D MHDERESF fo (250D A I 3 2 tH A O e &
LCRkD2 RS, foul3/KGDIZEFET 2 ICONTHRINITH R L. A&
ICIX 1 ICET 3 2 LRI N7z, WO G — oL L <l I
T LaEO kD2, Ty g v oL s FoMEERE L DK
EWVWFEEZ G —HMHE LT, &— L 72O Scon ZHIR X VRO 72, H—
& Scoat/Soit D REFIZAL % Fig. 3-11c PNC/R T, & IXRZEFIIE D & b 2 R £
TIRIT—ETH o725, ZDRIAHMITHIIL 7z, Fig. 3-12 @& Fig. 3-13 (I,
Wi 77 DR DR EEHEE & A —EDOBAfRZ R L T 3%, CI2EOLS D& D 5
X, HZHEEEE DK TITHE S 2 I xS L T B (Fig. 3-12a 3L Wb @), —J5 T,
Fig. 3-13a @B X Vb PT/R&E N3 X H T, CI2EO30 ikl &, bz
T EHBI L Tuadrve, GBI L 72 i o iR L 2R S O BAfR & Fig. 3-14
CNTRK U 7o, FEBEHEL L, KZ P EClE—EC. 2BE#EREDICON
T L Tz, 7z, Fig. 3-15 PR3 X 5 Il o fh 22 & A FE o
T (X PARE 7 AHBA 23 ERE & L7z, WZEDSET IS DT A AT L T T &

S T TEAIK AR D BRI K HN R )1 D RIE 21T - 7245 R % Fig. 3-16 1733, Sdd

HeHL 0.01 Hz TORIMIRS % BLUE & U TR IE BT o RIMR ) 72 13 5Gah
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Fig. 3-6 Photographic images of drying sample, made using the C12EO15. These images
were recorded after (a) 2, (b) 70, (c) 80, (d) 90, (¢) 100 and (f) 110 min drying at 60%
RH. The scale bar in (a) is 1 mm. The white arrows in (e) indicate the formation of larger

oil domains near the interface. The inset in (f) shows an enlarged image of a part of (f)
(25)
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Fig. 3-7 Photographic images of drying sample, made using the C12EO30. These images

were recorded after (a) 4, (b) 79, (c) 87, (d) 93, (e) 99 and (f) 121 min drying at 60% RH.

The scale bar in (a) is 1 mm @9,

77

Internal



Internal

t 15 -HEE! i
E 10} S -
© N B
g St oe%ocomocsggi“ol ¥ Ho¥
a
0 1 1 1 1 1
15 . . . . .

b ° m O

1 L #%amce ¢ HellLy nes
0O 50 100 150 200 250 300
Time [min]

Fig. 3-8 Variations in the (a) areas of drying samples and (b) drying rates vwater OVer time.
Solid and open symbols indicate the C12EO15 and C12EO30 samples, while circles and
squares represent data acquired at 60% humidity and during slow drying at 80%
humidity. Theoretical calculation using eqgs. 3-4 are shown in (b) for 60% humidity (the

solid line) and for 80% humidity (the dashed line), respectively @%.
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Fig. 3-9 Confocal microscopy images of dispersed oil droplets during drying. These
images were recorded at (a) 9, (b) 73, (c) 83, (d) 93 and (e) 103 min for a C12EO15
sample. (f) represents an image of the same sample but at different position with a

convex interface recorded at 107 min after drying. The scale bar in (¢) indicates 100 um
(25)
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Fig. 3-10 Confocal microscopy images of dispersed oil droplets during drying. These
images were recorded at (a) 10, (b) 85, (c) 91, (d) 96 and (e) 104 min for a C12EO30
sample. (f) represents an image of the same sample but at different position with a
convex interface recorded at 106 min after drying. The scale bar in (¢) indicates 100
um 9,
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Fig. 3-11 Variations over time in (a) oil droplet radius of curvature, rcurv, values, (b) the
volume fraction of oil, foi1, and (c) the ratio of coalesced oil droplets, Scoal/Soil. Solid and
open symbols indicate data from samples containing C12EO15 and C12EO30 samples,
respectively, while circles and squares represent drying conducted at 60% RH and slower
drying in a more humid environment. The inset in (a) shows definition of rcurv at a Plateau
border ?9,
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Fig. 3-12 Variations in the (a) oil coalescence ratio (Scoal/Soi1), (b) drying rate (Vwater) and
(c) internal pressure of oil droplets (AP) over time for the CI12EO15 sample. Solid and
open circles indicate data obtained during standard drying at 60% RH and slower drying
at a higher RH, respectively. Dashed lines in (c) represent the onset of droplet
coalescence and the corresponding internal pressure values are indicated by arrows: 1.8
x 10% Pa for standard drying and 2.8 x 10? Pa for slow drying .
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Fig. 3-13 Variations in the (a) oil coalescence ratio (Scoal/Soil), (b) drying rate (Vwater) and
(c) internal pressure of oil droplets (AP) over time for the C12EO30 sample. Solid and
open circles indicate data obtained during standard drying at 60% RH and slower drying
at a higher RH, respectively. Dashed lines in (c) represent the onset of droplet
coalescence and the corresponding internal pressure values are indicated by arrows: 7.7
x 10% Pa for standard drying and 1.4 x 103 Pa for slow drying ?>.
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Fig. 3-14 Variations in the drying rates with the radius of curvature, rcurv, for (a) the
C12EO15 and (b) the C12EO30 samples. Circles and squares indicate data obtained
from standard drying at 60% RH and slower drying at a higher RH, respectively. The

solid lines represent simulation results using eq. 3-8 ; see the main text for details ®°.
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Fig. 3-15 fou values of drying samples as functions of the radius of curvature, rcur,
including all data from Fig. 7a and b. The symbols have the same meanings as in Fig. 7,
while the solid line represents the best linear fit to all data, giving the equation foii = 1 —

1.4 x 10%rcury, With reyry in pm @9,
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Fig. 3-16 Difference between dynamic surface tension measured at
0.01 Hz and each bubble frequency. Green, blue and orange symbols
represent C12EO10, C12EO15 and C12EO30, respectively.
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Fig. 3-8(b) @®T/R L7218 D . FCEBRUIIHICIIWZEBEEE T —ETH b 2 b, K
FRADILED Z ORI DR TH 5 L& 2 5, KIEQA DL PLE L T
350, MEBEZR COKELAD<ZNT7 v 2 FLITD X 51tk X 1 3 (Fig.

3-17)s

Fig. 3-17 Schematic illustration of vapor diffusion in cylindrical
model. Water vapor diffuses from surface of cylinder to outside
of the cylinder. In outside of cylinder with a radius of L, water

vapor concentration is assumed to be constant.

5 =7 (05 G-1)

T ZT, CIIKERDBETH Y, DIILEERTH 5, EHFIRETIX, (@3-

DR X5 Zafiptifl & L i 2 & astisk 3,

€ =Co+ " in (). (3-2)

R
ln(%) Rsus
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RETH Y| Rous FFIEABIDOFEE L B A= 7 ADEETH 5, AT

i3, RG-2)ZEHHNT 2720 DHREML LT, CRuw)=Cs FLV CL)=Co

L7zo KOBEHEDPEERICIEFETH 2720, W/ AFMTORFET 7 v 7 R

Jevap 13+ 7= Reus TOFMICE T ZILHTRKICHFEL %2 %,

Jevap = =D (j_i)r—

L7zd3o T T 6 Dk D HZEE

(3-3)

T (vaim) KRR DI IC X o CX iR a3,

Z nCi Vdiff = ansushJevap <E LVC%Pﬁ?% Z <E i)ST% 5 (h 6i F1g3'1 K-.kbj' 5 A

R=H %), KEB-2)EHXG-3DICRATZZ LI X b LEIEHE v 1 20DA(Cs

— Co)/In(L/Rsus) & L TKRD b5, HeMEDBHET I DN TIHAD L Tud  Ryys 1F7KD

PIEINZ 25 RB-)D X HIcKREIND,

dRsus _ D Cs—Co

= T (3-4)

dt PRsus lrl(RSus

PIIKDOEETH 5, L% v Tz S o Rl ZftZ > I 21—+

L 7= 455 % Fig. 3-8(b) CHTEM L AR TR L 72, BFESMEE L €. ¥R DR

VD% Raus=2.5% 107 m. KIRADILEURE % D=2.4x10°m? s, /KD

HEx p=1.0x10kgm>®9, h=110x10°m, 30 ‘CTORIFIKKGIEEZ L LT
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Ce=1.7molm3C0 HN—HFZDYFE% L=9x10°m & L7z, RH &, FEHER
RETIE 60 %. WMNIRBREITIE 80 % TH o 7=,
oy Iialb—vaviRiz, 74 v 74 VI RXTA=XLFEHL TR
Ch bbb d., ERZEHOERT — & & X D—E %R L 7Z(Fig. 3-8) L
PLAEREDL, Y Ialb—YaviCE) 3BT ERA AR E R L2, E
Bt R CI RO WIWIE I 5 W TIRIE —EQEEEE AR L Tz, SElo
Yial—va VETATIIK/ELRREDIO by TN —=I7 T ZADGHER~ D
KRR DPEUR IR REDOWAIC X W IEMT 5, Lo T, KET LTI
BOREE 12— DWWV ZRT L%, LaL, EBRTF— 220013, ik
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Fig. 3-18 Fluorescent images of a drying sample with the

C12EO30. Emission from fluorescein in water phase was detected.
(a) 1 min and (b) 88 min after drying. (c) is the same image as (b)
but the initial contact line in (a) is superimposed as the dashed line.
We note that contrast and brightness of (b) and (¢) are changed to

emphasize weak emission. Scale bars are 0.5 mm. See the main

) ) ) 25
text for more detailed discussion (
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’ /
4 Oil droplet

TI11

Fig. 3-19 Schematic illustration of the cross-section of compressed oil droplets. As

drying proceeds, the oil droplets in (a) are compressed as shown in (b) and external
channels form between the oil droplets and the glass plate as shown in (¢). (d) presents

an enlarged image of the external channel .
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4. 2. 3. HZIEFER
2uL DXZ=2AvavdT Y a—rEFNTAREICEES, RICH DT 7 A%
BEWCIZVLyaviEP Yy A4 v T35, 2 KON T7AROMEIZAR—H—
ICXo>TCT1l0um & L7z, ¥V FAT=ils a vk, HE% 30 °CICHR - 725k
Fr voN—ilk v b L7, b, 2REENOHMNEERHA)Z 60 %F 721X 80 %
I U 72, B S BEPEE(LSM700, Carl Zeiss)IZ X » TRZMEF OB 2 BIZ L

770 405 MM BIXR488 m D2 2D L —HF —HiIcLoTRI L vyEBELXXR 74

109

Internal



Internal

LA vzhiel. 488 nm X W WIKRDOFIEE X530 nm & W RWiKRD
FHwznZ i L <. WiEs X OKHO HEIR % 572, RS A IR
3 FEEFEFRICL TITo 7228, 4 BICTHW v vy 3 VRN & 59
HE HICHERMEBEESFEL CEY, Ty a VEKEE2 L Z T Tldks
KO 7 & v DHEIREE 57D 6 75\ T D 72 0 KT & hAH RS % HE L.
SRERED SR EZ 2 Ll wizBE2KHERE E Lz, ZhEhomEoky
MR B SRR E 2B L7z, Lo LA b, 4rBuiiE o wIHReE 138k
Thrl-o, WETIEIMECTZOMmBELENT 2, SHIOEHTH =~
va v olitHEENE 0.3 & LCEBlzAR L ZIcbBEb o F, BIEHEKRICE
J 2 HO EIEI X 0.34 TH o7, Z D72 DFMEGREIC D 13 %IEE DGR
BENDB LT D, 727 L. HEESED I O T BEE I EME < g A
FIZZEE L T 720 & LB IC & 2387221304 L T K 72 D WI IR AE D =

13 %Dk EFE 2T X,

T v Y a VO EMEEBSR MR % Fig. 4-1,4-2 18T, Wi, FEES
EIhAE, AR EER S KA B KT, BRI Ik 1 E e T B B KA S
BLE T v b, JKPZEFE L T I D Tl IR MG < o Tw < &l i sl
W TR & LB A TV o 72, sl BN AR 23 Bh L 7272, F (& 0 SEIBHE I L .
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K/ ZFRM D SR L 72, RASICKHIC K 22y P 7 —2f&E N, T
HIfGRIC D TR X Ol IS 0 #EIRFZEAE % i L 72455 % Fig. 4-3(a),
(b)ITTR T B2 CIZIR D B I2IEKIIC X 2 b DTH b . /KD KEEH A3
HKFELZE A THMHDIBY DB E 72, BMHOEZBEEZL% Fig. 4-3(b)(c)
ISR T AKARIC D\ TS HZ BRI I BT 72 8 SRz B 3 GRS L B . £ D&,
KA DI IREE RIS % 5 & A OHZBEREE Y E R LR 7o, Z O X &R
JEEETCOBAE BRI TH - 72 (Fig. 4-3) ., 2R & bl o B 4 0 BEfR % Fig.
4-4 1TRT, MR IR AW I R L 72 IR R & K D HZREEE AT L
10 B IFENIE—E L T 7z W2 A T D iR D AR 2> & 3K o 7= FIAH 2 25
(rarea) DIRFEIZEAU (Fig. 4-4(c)) 2> b, iR D B P 2R 2R L Tw» T
b Farea DIV IFRCDTH > 7z, Fig. 4-5 1T 7K-2% 53 5 JE L O W O YE KR %
RF . HZEEDSMETT 9 2 IS DT, I AR & 7z, ) o P TEIR o Wi 1%
ZAGICEATTZbD LR o7-, RHITRI N LK —ELXZFHTIED WL DD
W ITRAICHEZ 5, 2id, KDMOBFEL TV nwI LEZEKRLTEH D,
FREDKMICEZZA Y PHE N TWTHIZZAFE L 722 & ZR% L T 5 (Fig. 4-
5d), Ty a VERED z AF v VEHIR%E Fig.4-6 ICR L7z, TR a VR
VRS 5 L, K—ERAmA T g ORI A Y, RS ZE R B

fift L T\ 72 (Fig. 4-6b)e % 7z, MHMRMAIN T ICRE DI HER I NZRD Z-
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scan H{§ % Fig. 4-7 1C7R 3, Wil HI{R 2> & b R ES 2> & KEK 53 D123 7% < 75 -
TW3ICH b bd ., KIEFICHATZIRDHMER T T 7z,

EEARE 0.1 mM O =~ v a VHSRZIE L 2R W& © 28 b % Fig. 4-
8 T, AN VT g VDR TIE, KOEBEEENIIITEALE
DO IRGDs rEGHTRE O T WEHEATRE DY 10mM DR & B4R Y | KI5
ICH D SRR L CHEMI N T W R WIREET S 2P 3 2 & 28 43
min & 93 min THEEETE %, Fig.4-8 DT <L a VERE DL, T DO, ==

va VEHACHBEO S — R TX -,
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Fig. 4-1 Images of sample during drying. The above images were
recorded after (a) 85, (b) 103, (¢) 105, (d) 109 and (e) 119 min drying at
60% RH. The scale bar in (a) is | mm.
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Fig. 4-2 Images of sample during drying. These images were recorded
after (f) 152, (g) 187, (h) 192, (i) 202 and (j) 212 min drying at 80% RH.

The scale bar in (a) is 1 mm.
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Fig. 4-3 Variations in the (a) areas of water phase (solid circles), oil
phase (crosses), and total area (open circles) in the sample dried at
60% RH , (b) the same in (a) but dried at 80% RH, (c) the rates of
changes of water area and (d) rates of change of oil area, and (e) ratio
of the oil area to initial oil area. In (c)—(e), black indicates 60% RH,
red indicates 80% RH.
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Fig. 4-4 Time lapses of (a) —dS,,/dz in Fig. 4-3c (as a reference),
(b) radius of curvature of dispersed oil droplets (7curv) and (c)
area-based radius of dispersed oil droplets (7area). Black indicates
60% RH, red indicates 80% RH. Standard deviation of 7curv and
rarea are expressed as the error bars in (b) and (c¢). Dashed lines
(A) and (C) are the same as in Fig. 4-3.
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Fig. 4-5 Images of a sample during drying, recoaded at the same
position. These images were recorded after (a) 152, (b) 187, (¢) 192, (d)
202 min drying at 80 % RH. The scale bar in (a) is 200 pum.
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Fig. 4-6 z-scan images of drying emulsion over time.
Image (a) was taken right before oil drop start to deform.
Image (b) was taken after oil drop distorted. Scale bar is

20 pum.
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Fig. 4-7 Confocal microscope images of a drying sample
near the liquid-air interface. The top image was taken at a
xy plane near the bottom glass slide. The corresponding z-
scanned image was shown in the bottom. Blue oil phase
stuck to the green water phase indicated by the white
arrows, suggesting a pinning oil phase by the residual
water phase. Scale bar is 50 pm.
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Fig. 4-8 Variations in (a) the areas of water (solid circle), oil
(cross) and whole emulsion (open circle) and (b) changing rate
of water and oil area at RH 60% over time. images of emulsion
at 43 and 93 min. In graph, open circle, solid circle and cross
symbols represent data of whole emulsion, water and oil,
respectively. The dashed line is 46 and 94 min, when some oil

droplets coalesced as shown in Fig. 4-9.
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Fig. 4-9 Images of sample during drying when the surfactant

concentration in aqueous phase is 0.1 mM. The above images were
recorded after (a) 43, (b) 46, (¢) 49, (d) 91, (e) 94 and (f) 97 min drying
at 60% RH. White arrows in (b) and (e) show coalesced oil parts. The

scale bar in (a) is 1 mm.
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4.4, EE

4. 4. 1. KK Oz

Fig.4-3 O X 5 I[CHZIEWIHAClX, §2IE T 20 DIz & A EI/KTH b | i 1T
KA TR D > 72IREE T, ZF DR IZIER ICEL 7> T 3, BEEIFZE TlI.

EHEH A DB 2> D DZEFEIIRD 4 BfEr 675 L T w59, (1)7mER
i 2> B EHAH~ D 3B D 53 1 DIEME. (i) XVIR AL~ D IEfE S T DYLEL.  (ii1)
S COEM L 72T D&, (VXMHFP TORKRDIER, D55, 2FHHD
PR 7 | 2 R 23, S EERE & SAE RIS JE A ORI TE A ETE S 5 L & offt
BB IS 7 5 & I N TR W-®O, Gt 5 T i o Z&ZF2NH & . SHHEER)

BT 2KBMEBRNICEET LN CcE 2, LHrL, KOEKLED LR
BEETs & | Fig. 4-3(b)D X 9 IC/K DHZIE 13 LIk & 72, Fig. 4-3 D HAR(A),
(C)> 557225 K 5 I /AKAH D IR A B 23984 LR 2 & & 12 ilAH o i
DIEEREEINZIRD T\ %, T3id Binks b DR EIZEL B >Tn3,
O DEFERCTIZ, U2 OLAKRHE 7Y — I v 7 L7zl HicZkFE L Tniz
®O, ZoiEWIE, UTo@E Y ICEHTE %, Binks 51327V —I v/ L7z~
Nya v DEEEITo CTE Y, SEGHREIEFIC T Ly a YRENCH LTS
NTW5B720, i E SAHZE 2 KD E A D 100 nm F2REE & IEFICHE L 7o

TWwiz, — T, ZEORTElmET/KFESIC 1 ET/KEFITHEIL TWw3
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720, KMEADPIEFHICKEL AoTWwBE 2 L THOEFENE L LMH T
Wb, TOEWY, HMHDSFERHCEAFET 20 0DE L o THIALTW S
EEZOLND, Tz, KDEFHE DK T IX, Fig. 4-4 IR &3 X 5 ICihiiio
EA LR L T, O R o) 0SB T % & SR IC TR E 7
ZACD 72T e Db, (A)B X WOCO)DKREICEH T B reuy DI IZEAEIC X 2 H
HOLEBICKEbDTH D, 3 ETOMG 25, HIFEHEDOKDOFEEE L., 73 HOR
BRI NI o T 2 b, KOEHEHIHE X L3RR, EKkHOR
FRE AT 5 2 L B2 RBLTWw3CY, 3 BT RO - 7228,
AR TIHEFREOMTFE L VI ENITH 5, L L, HEOWIHIER CiXiho
ARBEIEHECZ 213DV T, WREOBMEHRE L CIdFE UMM %Y T
HbLFEZXD,

% 72, PRCREZIEIIC 35\ T Fig. 4-1(b)~(d) ¥ X U Fig. 4-2(c)~(d) D X 5 ITHEiH
DNy 7Y v THRPHER S Nz, SN EAE ML CIEERIEfFE NG C &
TEMERASH Ticy =y 72 L2 itk eE2oN5, Bl HE
E XN, T OICHZEMBHET L TR 32 2 & THERICMIA 72 &

Mz,
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4.4.2. KHDOFZIEICBE T 2 B3 7 L

WZEE D WIHAEL S < 1, WIS T Wi, fEo T, IKDEZEREE 23 77
7 AR D IKFELDIEEIC L > THRE SN D L EZX 200 ZYTH D, M=
TV TERFEIC X 2D ICDONTE 2 5 LT, % < DA /K F I 53K
INTHALL, ZNHIFIKMEOZEICES L CunwianwZ L IiciEHLZ, ==
Vva vk Fig. 4-10 1IR3 X ) iR LIcH v . KB Z O Y 2E S =
T oo VBRI TEBO M EER & L CHAL L 72, 2 o Hifli{bE T v Tl
MDD K S = NFFEFET DB DA AL a T IIEKRE LT 5,200,
S B DZETEIC X 2 /K DRZEHEE A 72 I3 F R L CTh b 3. EFHKZE I
DNTDETMCHIGT 5, G-HROENZRICEET 2L, Kz rD=X
NT VAR 6, KHEE Sw OZLITRD X S ickKI b,

dS_W _ _21'[DAC 1 (4_1)

dt p L

In
Rtot

T 2T SwTHZBERFR] ¢ I BT 2Ky 2 VO, D /KKK DILBUER. AC
TEZIE R & AR L DR DIKZKRDIREZE, p (ZIKDEE LIZ A NN—TT T AD
Ef R 1327 - v 2V HBROERZRT, ~HERSEROUIIAEEE Roos

FAN AT ONFEH Roo & T 5L > = LOWHIHE Sw o 1 m(Riot 02 — Roit 02) &
7%, SwDIRITTIERZ n=Sw/Swo & EFKL T, @-DH%ZE XD X 5 IcEXITIE

e LTEL A,
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dn _ 1
de In L
2 2 2
1(Rfot 0—R3i1 0)+Rail o

(4-2)

Ol30=t/rl L CEFZR I N IERITHE T, tld. 7=p(Riot 0> — Roit 0°)/(2DAC) L 7E
BEINDZA LA —V(FFEREB) 2R T D LAKES OILED R B <
Hiix, X@-2)2HCOKMHIEO Y% > I =2 — + LK, Fig.4-30 %7
2 REECDEET — 2 13H@-2) 0B LicE I Nz iZFTcHhHh s, K- %
SSRLITNIC B\ TRZE ST BIRIK KA SE (30°C, 4.2 x 10°Pa) THET 5 & L@,

72, Sw=0ICEEL 722 13AC=0%¢ L T, R@-2)Ic BT 2IKDHIEDKT 23
L 72o ACIE . BERIZR AT & $Z21E5F 1T 30T 2 HIHEEE 2> & B U 720 W1 R w0
B X PRt olZ DWW TIFHEBEICE D CEEZ - 72, KE4-2)2H W2y T 21—
va ViR pEb X eI L 7o EERE R % Fig. 4-111CR T, sHEMEE % fiff
T, BTV 77 22— LTC@2)ROEHIC15% 0T 72b D EFEME L
TRLTCWS, 7L772X2—LLTI5Zr T 4EEHZHDD, FELoE
FATPHERBRT —2 13X~ L7z, £7/2. BAZEBEEFECOERT —
2, Bt HWZEEC, F—D74 v EicEHEINL TS, EifiT —
gLy ial—vaveid, MRITHRHE0S8U T CRIFRE AR L7z, YLD
FER 2> B IKDHZIEE D WIHHEFE 1Z/KZ A DILHNIC & o TR S 1% & im0 1
770 FEERFERIZ, <0710V Ty Ial—va YRV DIFLICTKE W
PR %N L 7z, T 3LIEFig. 4-2ad X 5 I T~ a ViR BEARR 72 FIIE 2
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5% WPEATNDEZ L T2 A=A RIT K BK/ELAEOFEEDS L ) KX
7o TR EDFRE LTEZIDOZ S, /o, HEHIEHE LT, /KA
DHZIEIHEEH30.85 D R TTIFH T 32 2 L B IT b b, ZNITEFEDIZ
EEOK TN aT - 2 ABEFALL FHIZN SR X b b AEfICEC 32 2
L BT 5, ZOXIE, HEAMEHTEOZRIZIC X o THZEA I ~ D /K D ik 23
mHlE Nz e BnFREEZ2 3, IHiIC, Ny 2V vy I XBEEBICONWTE
2B e ANy )AL S ESKIFHOMIARITIEEMNS 2720, b LKA
O DRFEDPALEELETH 5 7 O (FTEEEE (IS 3 135 TcH 3, L LA
5. Fig. 4-111IEBWTZ D X 5 &bt T &2 5 HERITHE0.85 ~ 1.0I1CE
WTCET NS X BHZEEE X FHEME O IXFE O Ny 2V v 7Iic Xk B b
DTIHREVWEFZ 5, RME2DETNMIKELR[DILHEEZERE L 25D TH Y,

DL 72 O JEAE 2 E B L TWin v, Fig. 4-11D X 5 20D EERT — X 1%
—DDVARXR—=H—T FICDB, 2D LIF, SwoktlCXBARTFr =Y v IrpT

<Y a VRO BEICEN TS B L 2R LT S,

4. 4. 3. LI Do

A T D BRI DHLIRIE. W DD N — T oMEINT 50O
® =00, Hil 21X, Shen &%, AHHEFEMEMT COKFE O EZHRE L 72D, XS
(. R SEFE NSNS 5 Z & AWE L7z, FEROEZERRICE VT, BHiFS
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. FEEERS T F 72 I EARRL IS X o TRIEA & 7 RIEER MR o oK
DEEIEIC D WTEER L 72, Z OFER. f2E0EFE c o FEEERNIC X > TLE
E N2 K DT T I & BL 1T X o TRIEAL & L7z ki o Ji i & s L 7=
@, b DK TIE, B ERE I L 72RETH v . JE AR
ICRIE I N T 7o, REFR T, EHHIZEREOE WK TH 2720 K/ZER
DEZMEFI X, Fig. 4-1, Fig. 42 O X 5 ICHZEIEIT T 3 IcoN BT 3, %
DFEH, BRI IZEM I N T W 2L IcR 325, FHTNE S, Ko&EFE
LR L7z & 5T, L2 ITHMHAES A LIiroTnwb 2 L Th B,
ZOMEREOIA X, HOEKERTLEZ LN D P, BRI O LI
L 2EWEEET DILELD L, WMEOVIMAERIZOum THO, ETFTor s
AW D F v v 71E 110 pm TH > 7z, Fig. 4-1, 4-2 O X 5 1T T &Y. HifE
A TE Y, £ D%, i & L TERIR DU 1T H 7EIE X L, Fig. 4-5 1IR3 &
ST Z DR IIISAIE~E Z{L 3 %, Fig. 4-12 IR T X 512, mYNIIERFE DK
TS 110 um ONAREIC R 2 LARET % & AREETEEZET % L .3V3r2h2
—4nR3/3 B VOB D B, T T, riZIESNABEOUOR X, hiIH T R
WREDF ¥y 7OEE, RIFMHORVIOFFETH 5, Lizdio T, EIFHIE
TOWHRED LK IZBV32)/(nR?) &2, % 06 b, 2F 0, HEHD

JEE & Z I X B i O TPIRZAIT IR T E BB H 5, LA > T, Fig. 4-
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32k B(A) ~ (B)E L NC) ~ (D)IT BT 2 il E DI 13 31 i o A
X230 THY, BICIZDDOBRETERVEEZLNS, ¥ b Fig. 4-
1(a), 4-2(a)D X 5 ICHHMHTITE 23 A L iG> 2 BxFE < id. i 1% £ 72K I +57
BINTWZZ06THD, Ty a VRO ELLED b ORRHEEE Z o Rk
IC B % O S % Fig. 4-13 1C/R 3, RH80 % TDHZIETIX 150 73T
SIMAH RS D IR 2308 F 2 A3, 157 43IC 35\ CHAME B o S35 i3 TR (347 A
D 0.67 TH Y, 17757 TH 0.56 TH Y | Ry L NAE~DEFIC X S
IR FE 0.6 O RKELEb LR\, LA > T, MtHmEOMA X, FIic
HEEMfColEREB I INTE LEZLND,

—7J7C. RH60%%&MIC 1T 5 (A)~B)XHEFH X U RH 80%5=MFICEH 1T 5(C) ~
(D)X [ENC 3515 2 JHAH IR D YD VX HE 2> 1 I D ZETE D %5 5 3K & 23, Il
REPRE TR WVDIT TRV & 25 Fig.4-1 3 X WFig. 42 2500 5%,
RN D S BRI X B S i L. — 882 BEICE Db > Tw 5 b D
FELTW3

WZIEIR D Z A % v vl (Fig. 4-6)1%. & O Wi % b < T 72K B3, K
DEFET 2 ICOoNTHL &) REICHEST 2 2 L 2R L TWw 5, Z DRGR,
MR ESICEREE S O SN THEREL 72, HOEFEDBETT 2 ICON T, H/2ER

RIHIZRIB L 72729, Fig.4-1,4-2,4-5 D X HIc <L a ViED B ETIC
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R B2 DER IS HF QDM AR I N L E 2 o5, FUHTE A

7. VAR ARLETH DTV y a VOEEETIE, Ty a v

il

KA O A — L AT O 27D 0 2 4 I v 73 —83 5 (Fig. 4-8 DI
HomBZE s L OE(L#EE & Fig. 4-9), FFIC Fig. 4-9 TD 94 53 Hit: O A i
AR 2 &0 WEsE—3 5 L 30%ICEE—MITIzITEA L. Bfizs
—Hicih o THEIB L 72, &—HRIX M 04 EGHEE & e b . RIS LG A
X590 BRELTCTVWE 6, ZOMMERERICIIKEZFEE T, XA
ICEZE S LI NTWD EHEHIT 5, F 72 Fig. 49 b)(o)F X KEe)HH» 5. &—if
FIEBATEICIHAE L T 5 2 & 25 43 5. 93 53 O iAH EFE I8 A 3 BE o Ik Y 75
BEZE —HHoRBICHEL T2 L HWTTcE S, L2LAaSs, BICH
WL VAPMEEERDO LD TH 720, G—E DKM ZKIELTE > T3 0L
2 DX MR S XMW T E v, A X o TR E < 72 b | i 232 il
LT 2 5H 0 FOER DKL IEF I 72 2 Z & Tl D 2&FHE 2 E AR L
TztwirzedEZoNDE, —KEWDE LY 3 VITEWTEHE—HHE
BREDXIICHKFEL TV EITDONTIE, HICHRIIAHETH 3,

W OFZIBCBIR S 2 d 5 —DDHHR L LT, M DZAFERICE T 5K
2y T —=FVHRI, A B T ERFETF LS, Fig 4-1(e)D X 5 I RH 60% Tl

T DZEFZITIT N K D2 D/NE T /KA DR FAR EICELS (X5 Tz, F 72,
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RH 80% Tl Fig. 4-2,4-5 IR I N5 X 5 ICHZIEPICHIFRRIENICHD 72 { 72 o 7=
BB EL, KHDO A v b7 =2 B3 SN T ICHERR S Lzt &R
T iE RH 60% D &6 & RIRRIC /KA 123 FICEL S 18 o 7R BB & 72 o 72, s8ifE
T H 2 KD ZEFITMTE O LM % FF 3 5 25, & OIEME XA <7 < i
BloKS EMET 2, chid, KO A v + 7 — 7 HhEsFHE X oz imiEic X -
THADLNTWVEZ EZEKRL TV, £z, KDOZEIFEIC X o TKAF DG A
BEEEEL R, KEER EFRT2EEZLNE, DD, WO
Ko THRERK o EHDEIMELMRICECnizeffillang, Zo%, X
Z R o T FHNEYER & ERr & L 72 BB KA IR e X 0 EE A i BRI HR
3%, ZHE. Fig. 4-2e I8 TN B HZIE D RARERFE IC B W TS I 5 /KHD

PR30 DFELHHEF Z 5,
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Actual emulsion “Core-shell” solution

Simplified \.

~
Glass Plate
QOil [ |
Water *
| _ Ih
. 2R,
2R

tot

Fig. 4-10 schematic images of core-shell model in

which an oil domain is covered by a water shell.
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Fig. 4-11 Normalized drying rate (— dz/df) was summarized by
normalized time 0. Black and red circles indicate experimental data
from 60 % RH and 80 % RH, respectively. Simulated results using
eq. 4-2 are also shown as the solid (with a prefactor of 1.5) and the
dashed (with a prefactor of 1) lines, respectively.

132



Internal

comp&&ssior%

IhI}

Fig. 4-12 Schematic images of compression of droplets
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between the two glass plates caused by drying.
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Fig. 4-13 Distribution of average areas of oil drops during drying.
(a) dried at RH 60 % and (b) RH 80 %, respectively. In (a), solid
circles, triangles, squares and diamonds represent the data at 2
min, 50 min, 80 min and 100 min, respectively. In (b), open
circles, triangles, squares and diamonds represent data at 2 min,

120 min, 150 min and 190 min, respectively.
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O/W T~ a vhokes X ORI O 8% HAE SRS I X - CIEE:.
FIRFICHEEZE L 72, Z DRI O, PR35 O/W <Ly a3 VD
WZEET . THTEA KA I L T 25 A IR, KOEZR I E R b IR
IR~ EHEA T W S RO L I oT, £7-. EREZEBEHICEH T 2 KD
M (ZKR A DB IC O L EZ BN B, BRI O MR T E 13
Mo RN IZ BB TH V. 1RIEE—TH o 72, RHERIHDO OW = =
VOREL R Y | EEETRICE LT, Wz LAY E T LT o
7o D3, IHAH RS O SRR TR N L 72, S Rlo EERTIE T, O
T X 2 IR 238 & 5 7z i DHzIEZ D b © O FEl 72 fighr i 13 A1
BTH otz L LEDE, WHEERE T4 /KRR E MG S i v
By TR S VIR ICB W A SRICEE S LI N 2 L THEFET B Z
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Fig. 5-1 Photo images of samples with EPDME
(left) and without EPDME (right). Oil amount is
2.8 g. Oil was dyed by Sudan III.

Fig. 5-2 Photo images of the initial samples before
drying. The amount of oil is 2.8 g, 2.0 g and 1.4 g from
left to right, respectively. The oil phase was dyed by
Sudan III.
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Fig. 5-3 Images of EPDME (9/2) sample during drying. The
oil amount was 2.8 g. Images were taken at 0 min, 5475 min,

8946 min, 12875 min and 14697 min from left to right. The
height of vessel is 73.5 mm.

Fig. 5-4 Enlarged images of EPDME (9/2) sample after
8946 min, 12875 min and 14697 min from left to right.
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Fig. 5-5 Images of EPDME (14/7) sample during drying. The
amount of oil was 2.8 g. Images were taken at 0 min, 5475
min, 8946 min, 12875 min and 16994 min from left to right.
The height of vessel is 73.5 mm

L}

Fig. 5-6 Enlarged images of EPDME (14/7) sample after
8946 min, 12875 min and 16994 min from left to right.
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Fig. 5-7 Images of POE sample during drying. The oil
amount was 2.8 g. Images were taken at 0 min, 9099 min and

14422 min. The ruler scale shows 1 mm increments.
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Fig. 5-8 Images of glycerin sample during drying. The oil

amount was 2.8 g. Images were taken at 0 min, 8629 min and

15804 min. The ruler scale shows 1 mm increments.
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Fig. 5-9 Water weight loss for EPDME (9/2). Circle, triangle and
square symbols represent the oil amount of 2.8 g, 2.0 g and 1.4 g,

respectivelv.
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Fig. 5-10 Water weight loss for EPDME (14/7). Circle, triangle and

square symbols represent 2.8 g, 2.0 g and 1.4 g of oil amount,
respectively.
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Fig. 5-11 Time lapses of drying rates in EPDME (9/2) samples.
Circle, triangle and square symbols represent oil amount of 2.8 g,

2.0 g and 1.4 g, respectively.
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Fig. 5-12 Time lapses of drying rates for EPDME (14/7) samples.
Circle, triangle and square symbols represent samples with 2.8 g,

2.0 g and 1.4 g of oil, respectively.
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Fig. 5-13 Weight loss curve for water without humectant. Circle,
triangle and square symbols represent 2.8 g, 2.0 g and 1.4 g of oil,
respectively. Bars represent water loss from pure water without oil

layer.
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Fig. 5-14 Water weight loss for POE. Circle, triangle and square
symbols represent 2.8 g, 2.0 g and 1.4 g of oil, respectively.
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Fig. 5-15 Drying rates of water under 2.8 g of oil. Solid circles, open circles,
triangles, squares, and crosses represent EPDME (9/2), EPDME (14/7),

POE, Glycerin and without humectant, respectively.
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Fig. 5-16 Drying rates of water under 1.4 g of oil. Solid circle, open circle,

triangle, and cross symbols represent EPDME (9/2), EPDME (14/7), POE
and without humectant, respectively.
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Fig. 5-17 Oil layer thickness during drying. The amount of
oil is 2.8 g. Solid circle, open circle, triangle and square
symbols represent EPDME (9/2), EPDME (14/7), POE and
glycerin, respectively.
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Fig. 5-18 The Distribution coefficient of EPDME when 2.8 g of oil,
3.2 g of EPDMESs and water keep equilibrium. The Closed circle
(@) and open circle (o) represent EPDME (9/2) and EPDME (14/7),

respectively.
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Fig. 5-19 Dependence of oil phase volume during drying. The oil
amount is 2.8 g. Solid circle, open circle triangle and square symbols
represent EPDME (9/2), EPDME (14/7), POE and glycerin,
respectively.
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Fig. 5-20 Density of EPDME solutions in oil (top) and
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(o) represent EPDME (9/2), EPDME (14/7),
respectively.
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Fig. 5-21 Viscosity of EPDME solutions in oil (top) and
water (bottom) at 50 °C. Closed circle (®), open circle (0)
represent EPDME (9/2), EPDME (14/7), respectively.
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5.4.1. /K, POE. 7'V &V v % DR E

HEZR L DOEEDKDHEFEIZ 3.8 mg min! T—ETHo7-, TDE T DHKFK
I RN TOKEGILEL/L S & &2 % & ZKFHE 1L SDAC/L LR XN 5,
EROKFE O EREE. D 13/KKRAQDZER T TOILEIRE. AC 1T/KE

ZZTS
&L 7 SO KREGKREZ, L IRWNTOXHEZ %K T, 50°CTo
FUAIKZELIEDS 1.23 x 10* Pa CYTH % Z & 2 5 BIFIKIR IR 12 8.2 x 102 kg

3eRD LN DB, IKKERDIEEUREIC 2 W TlE 20°0CTOXHMETH % 2.4 %10
SHE LR LICOGTIFERSEMNEDS 83 x 10" mm? B X6 x

2 S_l a I/ fc(23)o

‘m & L7z, [HIRAORKZELIREIZIZIT0 & AZr LT, IKOFHEEEE Z H

&b 25 LM% 2mgmin! & 725, EHMEIX 3.8mgmin? TH V. Bia—3 L 721l

LWz b, Dbz erbiifEn L OBEDKDIKFEEE IZRIRN T DIKS

TEEER e Z 2 b b,

FiK D _EICHhiJE 23FAET 5 56 DK DR IZHE % L 56 0 1/4 B

ThhH., HMEBOFEIC X » THZBEEELSINZ b T\wb, 7., Fig. 5-15 IZ/R

INBLXHIC POE 7V +tY vEWwo A {REHOEIEITEEEEICIZE AL

B L TR\, FRICHZERYIHA O E Rz EEHA IC 35T B2 IEEE L. PRIEA s L

DEHE L IERTCRZETH 572 — /57T, EPDME 2N L 72854 1%. BHS 21z
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BRI IR T L7z, £z, WMEEAD R TIX. POE B XU 7Y & U vifhnate
Tld, HZBPHELEKRBEPMET T2 &, D LMEESR A L7, PR To
FERT DKM D F D AKAH O CRIBATREE 235 1 & o I T UL E R

BN T2 Z e BRI NIz, TNOHDOFERIZ, POE B X U7V v U ViRE
DE . MO —E KIS 2 2 L ZRBL TS, iz, HEE
HBOBPEA LT BICHBD LT, I TN L T Y. KT DM HLEL
LIS D R DSz BRI e B L Tnw b L E 2 b b,

KT B R ORI Fig. 5-22 IR T XD R4 BERICTEITT 2 eE 2 bNn
5.0, K27y 7k, OKMED S ~DKDOEFIAL, @M, KAH D 5
HZJRR M~ DA IC 51 2K DILEREH). QKM 2> O DIKDZEFE., @K~
DIKFKLZDIEETH B, TDOHT, L h HEFELEVWEH?ED 2856, 21
DR DOFALRE I L 72 B0 AT v TOIXEMRIR TH 5 720, % OIRMREIT
BAAIHREE (Co_sar) & SR EE(Cw 0) D ZEIT LN T B 6 L 7223 o TIEMIIE (Jaiss) 13

UToXsickazns,

Jdiss = kdiss(Cw_sat - CW_O) (5-1)

T T T hdiss IR EERZR T, RICRT v TQOIXMF OILEEEI CTH |
Fick DIRBUTREZUCHE > IR (Jaier) (2 IRE A BLIC BT 2 720, KD X 5

kI N3,

Dy oi
Jaifs = o Y(Cwiyy — Cwo)  (5-2)
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Dy ot 1XTHH T DOIK DYILEAREL. Lo (ZTHFHE . Cw 10 1 ZIHFHZR I T DIKIRSE %
KT, AT v TRDEMA D S DIKDAKFEICOWTIE, KA IC BT 2 Vi
IRf DIKZE IR Cov eq 13 Cov cq-H Co ot & 720 (H ITER) . ZKFETR Joap 13
Cwv oq & EFRDRIMMKIATIRIE Cov sut DEICHHIT 2 2 2O TFTD X 5 I1TK

R R

lvap = kvap (HCw_loil - va_surf) (5'3)

T T T kvap WEAFERETEL E T 5, X HICKHD O T3 ICHEN 72 5UH D 7K ZE 5

RE%Z Cwv ol 32 &5 TOKRFKQDILEK Jur 1TRD X S IR I N5,

Jair = h(va_surf - CWV_OO) (5-4)

h IIYE R R E R T, EHRREBICEWTIE, 2bD 4 2DOFFITEHL <
57 D _t 5-1~5-4 %ﬁ$< & vaisurf\ Cwiloil\ Cw70 Ci%h‘%hu—FOD X 5 0:2%

T EerHKS,

_ kvap HCy 10i1thCwv_co

va_surf - Kyap+h (5'5)
D .
: (=) o+QCuwy o 5-6)
W_lOil = DW_Oil -
( loil )+QH

i loil

D : D :
- kdiss( w_ml)"‘(—W_OII)QH"'Qdeiss
loil loil

Dw oil Dw _oil
kdiss(( ‘l/\;_lcl)l )+QH>Cw_sat+( w_-01 )chv_co

(5-7)

ZCZT.Q= kvaph/(kvap + h—) 3%, Jaiss = Jaiff :lvap :]air/C\\E’D 5 DT, R
DHZIETEHR Jovap 13K 5-1 2> 5 5-4 DWLFdic K 5-5,5-6,5-7 RN L CTHEHF

5LRDEHITRD,
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_ D N -1
Kdiss 1"’(‘[/‘;—_:11) +(Hkvap) +(Hh)™1

]evap = (5-8)

H5-8 . HEEARICBERL T aEr & Z NSN3 1T TEI ST 5 & Jovap 1

RDEXHIEKRIND,

it Cver IS
CZTA=kgiss L+ (Hkyap)  + (HR)™. AC; = Cyy sat — (1/H) Coy o0 & L 720 4
BIXOPAC B—ETH 2% 01E. Vdevap (FIHHES I T 2 13T TH 2, H
JEIEH & 1/ Jevap D BEIR % Fig. 5-23 IC/R" T, Fig. 5-23 I BT % 7 — X I3 RIEA 7%
L. POE, 7V visdflcofiRzHwi, chboidklciz, 7% Ld

FCRROIIIC W THIH~ D IRIB I DIEIR T I L A LR W EEZ LN L TH

%, BT X o TEofElZ LR 26K 59 13k X ik EIN D,

1

o 6.8 X 10%l,; + 3.4 x 10* (5-10)
R 5-9 A 1 XM IEEUC SR L. 55 2 THIX Z WA o ez B RS 1< i ok
THIWPIERL T2, L7zdio T HFIREEk o PT & 2 DM k3
BIPTD AL /(D 0itd) £ RT3 TE B, WHBEEADREMEE L T li=4 x
103 m]ZRAT 2 & Li/(Dw oitd) ~ 0.8 & 72 %, Koy T DM ILENIC X 2 IKPT &
Z DM OBEIRICE T IO AFHIFRBEORZ I LR INS, 2F V. #
MR Tt U ClrR IR BOEFR I E L Tw 3 28, H— D XRHE T TlERv & &

Zbib,
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TlE. EPDME (37K & OB L& < o IS T 72556 Wb DK O iEgEE %
FREXCEBEREEZ T2 2 3HoTh, KTFIEZ L iEEZITL W,
EPDME ZhIEENCIZ. 8205 ET IC O CTHHlEE A L T & | 2kd
PMET L TWwoi, TOREDSIE. KDH T DILHOERE A3 HZMEH B D HH
BRECTH 2 LHEHI T N2 25, ZDGE, EEEITHMEEAICL>TE LD 5
NHETTH2, LH2LL%AEAS, Fig.524 DX 5 ICHORIMEIC X > THZ S
VMR —HEE AR EZ R L7z, 220, MOEXIE AL, 2R CH
CHEEA DRz ERE D BB & WwH 2 & THhDB, 72720, HoEICED
53, MEEARM T ICONTHEEENET LT IHAIZ, wIiho
EPDME &kl ¢ b BUll X L7z, WEEA T L »wH Z & id, B I1TiAT EPDME
BAEMLTWws v ZLTh 5, i EPDME i< DI F2 R I 52
BELCTWb EEZLNT,

IKDHZIEZINHI S 2 X 5 iAo —>2 & L CRERZE T 5 5, Fig. 5-
21 @ X 5 il @ EPDME LEASEEINS 2 IS e v, IAWORGEE XG5 % 23, K

FEDSGZIEEE DT EFRTH 57 H X 0 S L 70 2 EPDME(14/7)ift D 75 %3
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WM PE DS e T TR & v, L L, EFIZ EPDME(14/7) & EPDME(9/2)
R OB CHZBEE DB VIZIZEA ER VT L LEEEIC X 2BIIRE L 7
WwWeEZ b5,

EPDME 3/KICHIHICHBEMET 2 2o b b muBtErs»d %, %
D 7-% EPDME [HHIC B W CTHEME L 727K T L i WHAEH 2 & 2 & H#EH] X
N3, EPDME I X > TR I N3 & & CKDOILENEIMK T 2 AalRELEDS B %,
D F W IKIFFITH LT EPDME B208% < 72 513 &, /Ko D IREUTE < 78
%, i/ EPDME B & O %L IIFIERR CTH 5 2 L 2> b (Fig. 5-20). HLEUFREL
D FIBRICHIERI TR I NS L 32 & Il DEME L 727K D R = ILER

B Degr 12 HH D EPDME EHEE DR o Z H W TRD X H KI5,

Lo Lo (5-11)

Deff  Dw_EPDME  Dw oil

Dy ol 1Z EPDME 238 L T 7n Wil T OILEFREL. Dw epome (2 EPDME H T
DA 2K T, 59D D% Desr ICEHLLEH T 2 L RD X 51T 5,

1 1 [A + Loil ((p Dw oil + (1 — (p))l (5—12)

Jevap  ACy Dw _oil Dw_EPDME

EPDME D &M DK F DB BAFELS ST LIRET S &,
Dy o/ Dw emppme >> 1 & 72 5 D T | @Dy ou/Dwrppme + (1 — @) (X

@ Dy, oi1/Dw gppme £ AT E . H5-12 IZL T XS icKI N5,

. ~L[&+A] (5-13)

Jevap AC1 |Dw_EPDME
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EPDME % DHZIEFR & loup DB % Fig. 5-25 I~ 3, EEEIZ., 5o &1
HELDOD 1 RKDOFRICIER X, K 5-131CT7 4 v T4 v 7 %{To 758, ik

HEFIRD XS IckINg,
Jevap = (1.1 X 10815 + 3.4 X 10*)7* [kgm?s']  (5-14)

K 5-14 1T X 2% Fig. 5-22 FOERRICTR L=, T TlE. A/AC = 3.4 x 10*
m’skg & LT 74 v T4V 7 %{To72,(5-13)R & DLLEL D 5 | (Dw epoMeACH)
T 1.1 x108 [kgm' s & RE 5, (Dw ot ACH ! XIS RIBHI DA L T 7o
M COIBUERYTITH 2 DT, HIfiTR®D 72 6.8 x 10° [kg m! s FET 5,
o DfED S, B X Y EPDME A TOYLERELD Y Dw oi/ Dw erome 134
16 &7V . fRFE L 7255F Dy oi/Dw emppMe>>1 E FJHEL T2\, T T, ¢=
0.5, li=4x 103 [m]& L7z & & | ¢lo/(Dw epomeACH)1Z 2.2 X 10° [m?skg '] & 72 b |
AINC1 L DT 65 72, POEBEX V7Y ) vZERIMLZEEIZ08 TH -
722 &5, EPDME % TRt TOILHHERPI IR E 2o T 35 Z & 2397 2>
%, L EDFEER 2> & . EPDME 5% DRz 13" EPDME R/ & 8 E A Ik fE L
TE Y| fZEHHETT L. EPDME 25t ICEEI 3 2 2 & Tilid © EPDME £ 53
. HEERBEEIL 72 & & FEESEE XA RS & 7R B
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CeppME oil & 7KH EPDME IRFE Ceppme w D L & L T K= CeppME oil/ CEPDME w & JE 75
35, £7-. b X IKF D EMDME EHE % WeppME oil 35 £ U° WeppME we 1H
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INB, ZTHICET BT R 5 X UKL Ry 13, Z 3L Z U Roit = Woid/(Woi +
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ENRTE D, ZORRICIE D WTEE L 7285 R % Fig. 5-26 IC/R 3. Rw/Roit 23
K E WHEEL T, #2055 T D EPDME DiUKEE &I I3 st o &1l
ITFE L v, L2 Ly RW/Rai<0.2 Tld, “PHigetEs SakHE L < <, KT
VX MR T (3 IEE ICHE < L HZIERERET IZ 10* min A — X — O R D 2200 & 9,
HeMR T X 2 22 Bicxt LT EPDME D iliAH ~ DB EEEE 2358 2372 < 72 o T
2L ERBLTCWS, Zid, WH~OEMEE S PIAEL L D BBV L
XA 2> & DIK DZEFERE DS THMHFIEEL L U DI LS Z & i 5, H5-13
DT A YT AV ZIlE. WH~ DB, RN b DIKDIEFE, KKK DYLHEL

EW D 3ODEEMEICHT L C EPDME DI EEIIFE L Rt WO RED D &

AfHZ POEX 27 V) v R ERUELTCHEZITo72, Fido X 5 ic, FRHEEFE

> EPDME 28 /KZKRILEICREE T 3 2 L i3E 21w, L L. i+ EPDME
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Fig. 5-22 Schematic illustration of drying of water
through an in-volatile oil layer. ©
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Fig. 5-23 Drying flux of samples of pure water with
an oil layer (cross), POE (triangle) and glycerin
(squares), respectively. Drying rates in the constant
rate periods were plotted in terms of corresponding
thickness of oil layer.
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Fig. 5-24 Relationships between drying rate of water and
oil layer thickness. The humectants in (a) and (b) are
EPDME (9/2) and EPDME (14/7), respectively. Circle,
triangle and square symbols represent 2.8, 2.0 and 1.4 g of
oil amount, respectively.
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Fig. 5-25 Relationships between drying rate of water and
oil layer thickness. Black and red symbols represent
EPDME (9/2) and EPDME (14/7), respectively. Solid
circle, open circle and cross symbols represent 2.8 g, 2.0 g
and 1.4 g of oil, respectively. Solid line means the value
calculated from eq. 5-14.
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Fig. 5-26 Relationships between weight ratios of
EPDME dissolved in oil (WepbME oil) to that in water
(WeppME w), and weight ratios of water (Rw) and oil
(Ro). Data from EPDME (9/2) and (14/7) are
summarized in top and bottom graphs, respectively.
The blue, red and green symbols represent 2.8, 2.0
and 1.4 g of oil amount, respectively. The black

symbols represent equilibrium states.
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open circle symbols represent estimated values from an
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